The present work studied the effect of grapefruit juice (Citrus) on the hepatotoxicity of AlCl 3 . Four groups of adult male albino rats were used. Group I contained 10 rats and remained as a control group; Group II: 10 rats were included and orally administered with grapefruit juice at a dose level of 27 ml/kg of body weight per day for 6 weeks; Group III: 10 rats were included and AlCl 3 was administered orally at a dose level of 100 mg/kg of body weight per day for 6 weeks; Group IV: animals of this group (10 rats) were given a combination of AlCl 3 and grapefruit juice per day for 6 weeks. At the end of the sixth week, the liver was processed for histological and ultrastructure studies. In addition, ALT and AST were determined in blood sera. The results showed that AlCl 3 induced several histological alterations in the liver, including congestion of blood vessels, leucocytic infiltration, cytoplasmic vacuolation of hepatocytes and fatty infiltrations. Ultrastructural changes include the degeneration of mitochondria, RER swelling and pyknosis of the nuclei with an increase in fat droplets and lysosomes. The biochemical results showed an increase in ALT and AST activities in the AlCl 3 group. However, the group of rats treated with AlCl 3 and grapefruit juice improved the histological and ultrastructural changes, while the levels of ALT and AST were reduced. It was concluded in the results that grapefruit juice has a protective effect against hepatotoxicity of AlCl 3 that can be attributed to the antioxidant properties of its components.
Introduction
Humans are exposed to toxic metals through water, polluted air, food, and soil. Aluminum (AL) is the third most common element in the earth's crust and is omnipresent in the environment [1] . Aluminum is a component of cooking utensils, medicines such as antacids, deodorants, perspirants, food additives, packaging foil, drying agent (for example, Sodium aluminosilicate-a fine powder), used to dry cocoa, salt and other products, a flocculant agent in the most municipal water supply [2] . In addition, it can be found in foods, especially corn, yellow cheese, salt, herbs, spices and tea [3] . The target tissues for loading aluminum are bone, brain, kidney, and liver. The signs and symptoms of Al toxicity include: neurodegenerative diseases [4] , hematological abnormalities [5] and liver damage [6] . It also caused oxidative stress and an increase in lipid peroxidation [7] .
The importance of medicinal plants and traditional health systems to solve the problems of health care in the world is gaining more and more attention. Grapefruit is a citrus subtropical plant that contains many nutrients and phytochemicals, capable of contributing to a healthy diet [8] . Grapefruit showed different medicinal uses. Grapefruit seed extract (GSE) showed strong antimicrobial properties [9] and reduced cholesterol levels [10] . It has been demonstrated the anticancer properties of orange juice and indicated that citrus flavonoids are effective inhibitors of human breast cancer cell proliferation in vitro [11] [12] .
Grapefruit juice intake suppresses Aflatoxins B1 (AFB1) induced liver DNA damage in rats [13] . [14] reported that grapefruit prevents cytogenetic and testicular damage induced by rytmonorm in rats. The objective of this work is to study the effect of grapefruit in aluminum hepatotoxicity in albino rats.
Materials and Methods

Animals and Treatments
Healthy adult male albino rats (Rattusnorvegicus), about three months old and each weighing 150 ± 5 g, were used in the study. They were obtained from King Abdul-Aziz University, King Fahad Medical Research Center, Jeddah, Saudi Arabia. The animals were kept in plastic cages with the control of room temperature (25˚C ± 2˚C), humidity (55% ± 5%) and light (12:12 dark hours/light cycles). All animals were given standard feed (commonly used pelleted diet) and tap water ad libitum. They were adapted for a week before the experiment to acclimatize them to laboratory conditions. The animals were conducted in accordance with the Institutional Guidelines for the care and use of experimental animals. The rats were randomly divided into four groups; each group contained 10 animals as follows:
Group I: Animals served as controls. Group II: Rats were orally administered with grapefruit juice (Citrus paradise) at a dose level of 27 ml/kg body weight daily for 6 weeks [14] . Grapefruit (Citrus paradise) used in the work was purchased from local markets in Jeddah
Histological and Histochemical Studies
For the histological study, the animals were sacrificed after 6 weeks; the liver was immediately removed and fixed in 10% neutral formalin for 24 hours. After fixation, the specimens were dehydrated in ascending series of ethyl alcohol, rinsed in two xylene changes, infiltrated in three changes of molten paraffin wax with a melting point of 58˚C -60˚C and then embedded in molten paraffin blocks. The 5 micron thick sections were cut using a rotary microtome and mounted on clean slides. For histological examination, the sections were stained with Ehrlich's hematoxylin and counterstained with Eosin.
The periodic acid Schiff (PAS) technique was used for the histochemical demonstration of total carbohydrates [16] . Total proteins were detected using the bromphenol mercury blue method [17] and DNA was detected using the Feulgen reaction [16] .
Electron Microscopy
For electron microscopy, small pieces of liver were fixed in 2.5% glutaraldehyde in 0.1 M cacodylate buffer at pH 7.4. The samples were washed in 0.1 M phosphate buffer at 4˚C, and then post-fixed in 1% osmium tetroxide for 2 hours at 4˚C. The samples were dehydrated in ascending degrees of ethyl alcohol and then placed in propylene oxide and embedded in Epon resin. Semitine sections (1 μm) were stained with toluidine blue in borax and examined with a light microscope. Ultrathin sections (40 nm) were cut, mounted on copper grids and stained with uranyl acetate and lead citrate [18] . The sections were examined and photographed with the transmission electron microscope Jeol 1200 EX.
Biochemical Assays
For biochemical analysis, blood samples were taken after 6 weeks of treatment in clean centrifuge tubes (n = 5). The blood samples were allowed to coagulate at room temperature and then the serum was separated by centrifugation at 3000 rpm for 20 minutes. The collected serum is stored at 18˚C -20˚C until analysis.
The activities of alanine aminotransferase (ALT) and aspartate aminotransferase (AST) were estimated according to the method of [11] .
Statistical Analysis
Data were expressed as mean ± SEM. The analysis was carried out using the Statistical Package for Social Sciences (software SPSS version 16). Student's t-test was performed to evaluate the importance of the differences between the groups. 
Results
Change in Total Body Weight
Animals treated with AlCl 3 for 6 weeks showed a significant decrease in body weight compared to the control group ( Figure 1 ). On the other hand, the rats that received AlCl 3 and grapefruit showed a significant increase in the body weight of the rats compared to the AlCl 3 group. There were no significant differences in the body weight of the control animals and those who received grapefruit ( Figure 1 ).
Histological Results
Liver 
Histochemical Results
Total Carbohydrates
Examination of the liver section of a control rat and those that were given grapefruit showed that the hepatocytes contain pink granules of a strong PAS reaction in the pole of the cytoplasm of hepatocytes (glycogen flight) while nuclei exhibited negative stain (Figure 4 (a) and Figure 4(b) ). Examination of the liver of rats treated with ALCl 3 for 6 weeks showed a decrease of the glycogen content (Figure 4(c) ). However, rats given ALCl 3 and grapefruit for 6 weeks revealed an increase in the carbohydrate content (Figure 4(d) ).
Total Proteins
Liver of a control rat and rats given grapefruit showed normal protein content in the hepatocytes as dense blue granules in the cytoplasm, cell membrane, nuclear membrane, chromatin bodies, nucleoli and Kupffer cells ( 
Ultrastructure Results
Ultrastructural examination of the liver of control rat revealed that the hepatocytes appeared with a normal nucleus, with the obvious nucleolus. The chromatin is allocated to heterochromatin and euchromatin. The cytoplasm contains numerous various sized-oval and elongated mitochondria, numerous cisternae of rough endoplasmic reticulum (Figure 7(a) ). In addition, the bile canaliculi swollen with destructed cristae (Figure 7(c) ). Moreover, rat treated with AlCl 3
showed degenerated nuclei and showed irregular nucleus, vacuoles and fat droplets of different sizes were encountered (Figure 8(a) ). A large number of lysosomes were observed (Figure 8(b) ). After treatment with AlCl 3 and grapefruit, most of the hepatocytes appeared with normal nuclei and normal organelles ( Figure 8(c) ). However, rat treated with grapefruit showed normal nucleus with a large number of healthy mitochondria and rough endoplasmic reticulum and lysosome. 
Biochemical Results
Treating animals with ALCl 3 for 6 weeks induced an increase (P < 0.05) in the level of ALT and AST when compared with those of the control animals. These enzymes were restored to close ordinary qualities in rats treated ALCl 3 and grapefruit. There were no significant differences in the levels of these two enzymes between control and rats given grapefruit ( Figure 9 & Figure 10 ).
Discussion
Results obtained in the present study revealed that AlCl 3 caused a significant decrease in the body weight of rats. In agreement with this result, [19] found out that excessive AlCl 3 exposure led to a reduction in body relative liver weights. In addition, [3] and [20] have also reported that AlCl 3 have significantly caused remarkable changes in the total body weight, absolute and relative liver weights of rats. The authors concluded that this reduction could be as a result of feed consumption and/or malabsorption of nutrients induced by AlCl 3 exposure, which has an effect on the gastrointestinal tract and/or inhibition of protein synthesis.
AlCl 3 has been reported to induce histological and ultrastructural alterations in the hepatic tissue of rats. Similarly, [21] reported that treating rats with a high Histochemical results showed noticeable depletion of carbohydrates, proteins, and DNA in hepatocytes of AlCl 3 -intoxicated rats. In this concern, [27] observed a decrease in the glycogen level in both liver and brain of the rat as a result of aluminum phosphide treatment, which was accompanied by a noticed increase in glycogen phosphorylase activity in both tissues. Protein content was also decreased in liver of rats intoxicated with a high dose of AlCl 3 .
[23] revealed a significant reduction in liver protein concentrations caused by aluminum compared to the control group. A similar result was reported by [28] who noticed a marked decrease in the serum of the liver and brain proteins during aluminum administration in rats. Some studies revealed that AlCl 3 caused a severe damage to the hepatic DNA of rats . Moreover, it was reported that DNA damage in the cerebrum and cerebellum is a consequence effect caused by AlCl 3 treatment [4] and hepatocytes [12] of rats. Aluminum had a genotoxic profile and has been shown to bind to DNA, leading to a remarkable damage [29] . These reported results are similar to the result shown in this study in which AlCl 3 was found to be a toxic element leading to histopathological alterations as well as causing significant biochemical abnormality in hepatic enzymes activity, carbohydrates, protein, and DNA contents.
It was reported that different forms of aluminum element are toxic to the environmental [24] . It accumulates in different organs and tissue of the biological systems and provoke free radicals mediated causing abnormality in the bio-system and leads to health problems such as: cardiotoxicity, hepatotoxicity, nephrotoxicity, neurotoxicity and alterations in antioxidant enzymes activity in both vivo and in-vitro trails [26] [30] [31] . [25] and [32] reported that aluminum-induced changes in biochemical parameters increased lipid peroxidation and decreased the activities of the antioxidant enzymes in plasma and different animal. Thus, the hepatotoxicity of AlCl 3 may be due to its generated oxidative stress.
In this present study co-administration of grapefruit attenuates the hepatotoxicity of AlCl 3. Grapefruit (Citrus) caused an increase in body weight and illuminated the AlCl 3 negative effect in the intoxicated rats. This may be due to an increase in food intake and/or grapefruit capability to interfere with the absorption of AlCl 3 in the intestine [26] . Moreover, grapefruit administration improved the histological and ultrastructural structure of the liver and decreased ALT and AST activities. Citrus plants are a good source of flavonoids, naringin, naringenin, nobiletin, narirutin, and hesperidin are the most essential flavonoids found in citrus fruits [26] . These components were discovered to have strong antioxidant and anti-inflammatory activities both in vitro and in vivo and demonstrated to have potential health benefits [33] . Naringenin is one of the major components found in grapefruit, it was indicated to inhibit liver damage and fibrosis induced by dimethylnitrosamine (DMN) and restored ALT, AST and alkaline phosphatase (ALP) activity to the normal level [34] . Citrus unshiu extract has also been reported to ameliorate hepatic steatosis and hypertriglyceridemia by [35] . An increase in hepatic carbohydrates, proteins and DNA was observed in rats given and AlCl 3 plus grapefruit. These results are in line with the report of [36] and [37] who reported that grapefruit juice restores the renal contents of carbohydrates and proteins to normal contents. [13] reported that rats were given grapefruit juice prior to treatment with aflatoxin-B 1 resulted in a noticeable reduction of DNA damage in the liver.
It was reported that the therapeutic effect of grapefruit is due to its radical scavenging property and antioxidant activity [38] . Grapefruit juice is commonly consumed in many countries for its nutritive value, as well as antigenotoxic and antioxidant effects [39] . [40] indicated that two bioactive compounds were isolated from grapefruit juice and grapefruit peel oil. The chemical structures of these compounds were identified as bergaptol and geranyl coumarin which was reported to have effective antioxidant properties. The bergaptol component showed very good radical scavenging activity at all the tested concentrations [40] [41]. Furthermore, an increase in MDA and a decrease in SOD, CAT, GPx level, induction of hepatocellular degeneration and steatosis were recorded in rats supplemented with a high-fat diet. On the other hand, these negative changes were improved in animals fed with grapefruit juice [41] . It has been stated that grapefruit juice reduced lipid peroxidation marker, MDA and increased GSH in Streptozotocin-induced diabetic rats [38] . [42] found that purple grape juice prevented the damage caused by carbon tetrachloride in tissues of rats and they attributed this prevention to the rich polyphenol content of grapes.
Conclusion
In conclusion, the result obtained from this investigation indicates that grapefruit juice provides cellular and hepatoprotection against hepatotoxicity induced by AlCl 3 . Grapefruit reduced the effect caused by AlCl 3 of the ALT, AST, body weight and protected the normal amount of DNA-containing particles in the nuclei. In addition, the histological and morphological improvements of hepatocytes indicated that grapefruit juice has antioxidant properties.
